The Bending of Wood With Steam by Cottey, James H., Jr.
Virginia Commonwealth University
VCU Scholars Compass
Theses and Dissertations Graduate School
1975
The Bending of Wood With Steam
James H. Cottey Jr.
Virginia Commonwealth University
Follow this and additional works at: http://scholarscompass.vcu.edu/etd
Part of the Fine Arts Commons
© The Author
This Thesis is brought to you for free and open access by the Graduate School at VCU Scholars Compass. It has been accepted for inclusion in Theses
and Dissertations by an authorized administrator of VCU Scholars Compass. For more information, please contact libcompass@vcu.edu.
Downloaded from
http://scholarscompass.vcu.edu/etd/1052
THE BENDING OF WOOD WITH STEAM 
ReS,I,3,, University of Arkansas, 1964 
MeEd,, University of Arkansas, 1967 
Submitted to the Faculty of the School of the Arts 
o f  Virginia  Commonwealth University 
i n  P a r t i a l  Fulfillment 
o f  the 
Requirements for the Degree 
Master of Fine Arts 
,UCHIfOND, V I R G I N I A  
July, 1975 
CONTENTS 
ILLUSTRATIONS . . . . 3.v 
Chapter 
1, INTRODUCTION.  1 
11. PROCURING AND ASSEMBLING 
THX STEAM APPARATUS, 0 4 
111. STEAM BENDING OF 
SELECTED WOODS . 33 
IV. DESIGNING STEAM 
BENT FURNITUIIE 36 
~~***..**....'* 
L+l. . . . . . 0 0. 18 uomo%w,, 
naTQsz $8 6~ . * . assox H8S s ;COJ ua~saa 
8C0****** f I MaTh ,,suoT%~aT3aXb, 
LC**** *.* I ~arn ,,soa~va~~aa,, 
gg . * ~OQA $0 saaa?~ %nag 
ZCL***.~*** aa?~aa ~TPXQH mod * qoo$~ ayq Buyxya 
GZ d~z?sq$~nog 
82 l 0 3u;puaqyasg 
9Z***.**** say JaAa'I Pa?$TPoJ4 5~ szaAaT asxaAa8 
g~ l deq~ paoaag 
zz saorAaa 53u~rrt-q pue 'dvdq~ #mo,g 
LZ ' ' ' ' ~GJ%S 0% pav9eW-v x9fJ-ta PW 91 l '2~paaa-gd o1.y 
g~ . spuagpnz~aaJa 
' . STX;CTS!&$~~U~BJ~ 
. J0$8J0US3 CI8a'$S 
OL ' ~aqm~?em m~a$s 8 . * UO?$3tU$STZQ3 Z3qUI8w 
CHAPTER I 
INTRODUCTION 
During the past several years, and especially 
while working toward my K.F.A. degree in furniture 
design at Virginia Commonwealth University, my work 
has assumed a more dtstlnct curvilinear quzlity. In 
order to achfeve a curved element in designs, I have 
dealt with several methods of approaching the prob- 
lem, 
The first, and probably the most frequently 
used method, is to carve or saw the curved portion 
out of solid wood. This method proves to be not 
only wasteful, but it usually produces a weaker 
element than could be produced another way, 
The second method is the much newer tech- 
nique of lamination. This is the process of taking 
a number of thinly cut strips of wood, applying glue 
between the layers, and placing them between curved 
forms to create a finished curved shape. This pro- 
cedure gives not only great strength, but great 
stability as well, The major disadvantage of l a m i -  
nation is the costliness of the process in terns of 
both money and time. 
The third method of bending wood, and the 
concern of this thesis, creates curves in solid wood 
through the use of steaa. Briefly, in the process of 
plasticizing wood, the wood is saturated with wet 
steam at atmospheric pressure for a period of time, 
Then, while the wood is warm, wet, and receptive to 
change, it is shaped to a predetermined cu rve  by 
bending it around a curved form, until it cools and 
dries, I hopefully anticipated that the steam method 
would overcome many of the disadvantages found in the 
other t w o  methods, specifically those of prohibitive 
cost and the loss of strength. Also, to my knowledge, 
the steam bending process had never been previously 
attempted in the wood studio at Virginia Commonwealth 
University, 
However, the process itself is not new. Steam 
bending has been used for centuries, especially in the 
fields of skip building and in carriage/wagcn construction. l 
In the nineteenth century, Thonet used steam bending to 
great advantage in developing a number of "~ent Wood" 
chairs .2 
~ u . s .  Departnent of Agriculture, U.S. As& (Washington, D,C. : 
1, P* 1. 
2 ~ ~ w h  Honour, Cabinet Nakers and Furniture 
Desianers (London: Spring Books, 1972), p, 235, 
3 
Based on experimentation with the steam bend- 
ing of wood t o  aurved shapes, this t h e s i s  describes 
my involvement with three basic aspects of the  process. 
F i r s t  i s  the procurement, assimilat ion,  and construction 
of the  equipment and apparatus necessary f o r  the  steam 
bending of wood, Secondly, the  determination o f  cer- 
t a i n  q u a l i t i e s  of pa r t i cu la r  woods i n  reference t o  steam 
bending 1s made, This inc2udes: woods eas i ly  bent; 
woods not easily bent; the  time required t o  p las t i c i ze  
stock; and the  time required t o  s e t  curves. Also noted 
a r e  some of the  physical l imi ta t ions  involved i n  bend- 
ing stock with steam i n  the  craftsman's studio,  Third- 
ly ,  s t e m  bent wood Is re la ted  t o  furn i ture  design i n  
terms of t he  craftsnan's  approach t o  the design and t o  
the  problems inherent i n  t h i s  process, 
PROCURING AND ASSE31BLING THE STEAJ1 APPARATUS 
Stean Generator 
E s s e n t i a l  t o  th i s  process  i s  a source of  
steam, T h i s  could have been done i n  one of two 
ways: by us ing  t h e  school ' s  e x i s t i n g  s t e a n  system; 
o r ,  by purchasing a genera to r ,  The l a t t e r  method was 
chosen t o  achieve  maximum p o r t a b i l i t y ,  The use  of 
the schoo l ' s  steam system was n o t  f e a s i b l e  because 
it is  a high pressure  type,  and wood must be steamed 
a t  atmospheric p ressu re  i n  o rde r  t o  o b t a i n  s u c c e s s f u l  
bends. Also,  t h e  c o s t  of br inging  i n  a steam l i n e  
t o  t h e  s t u d i o  a r e a  seemed imprac t i ca l ,  
Bas ica l ly ,  two t y p e s  of por t ab le  steam 
g e n e r a t o r s  are a v a i l a b l e ,  One type  i s  a kerosene 
burner ,  such as Model &5, Warner Hero L e c t r i c  Wall 
Paper Remover, Warner Manufacturing Company, Minne- 
a p o l i s ,  Minnesota, The second type  i s  a t o t a l l y  
e l e c t r i c  type ,  such as t h e  Electromatic  Model #11A, 
A l l  E l e c t r i c  Wall Paper Steamer, American Lincoln 
Corporation, Toledo, Ohio, 
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The e l e c t r i c  type was chosen because of i t s  
a v a i l a b i l i t y  and i t s  sa fe ty  fac tors .  The a l l  elec-  
t r i c  steam generator  emits no harmful f u e l  vapors,  
and it is much l e s s  of a f i r e  hazard i n  t he  wood 
studio.  This device has a bu i l t - i n  s a f e ty  f ea tu re  
which automatical ly shuts  off  the  machine when t h e  
water l e v e l  g e t s  too low f o r  sa fe  maintenance, 
The steam generator  i s  simply f i l l e d  wi th  
t a p  water, and plugged i n t o  a convenience o u t l e t  of 
110 v o l t s  AC. Steam is  produced wi thin  f i f t e e n  t o  
twenty minutes, The only unsat is factory  th ing  about 
t h i s  generator  i s  that i t s  r e se rvo i r  of water bas t s  
f o r  only t h r e e  hours. This proves t o  be somewhat 
inconvenient, as one must disconnect t he  u n i t  in 
order  t o  r e f i l l  the tank w i t h  water. 
The o r i g i n a l  12' x 1/4It ( i n s ide  diameter) 
rubber sSt;eam hose w i t h  1/4" brass pipe f i t t l n g s  was 
used t o  t r a n s f e r  t h e  steam from the  generator  t o  the  
steam ck~mber. (See I l l u s t r a t i o n  3, p, 11 ,) 
The next piece of equipment needed was a 
chamber o r  r e t o r t  t o  house t he  wood stock while the  
steam p l a s t i c i z e s  it. The o r i g i n a l  plan was t o  build 
a metal o r  a p l a s t i c  container.  This proved t o  be 
much too expensive, considering the  lack of l o c a l  
a v a i l a b i l i t y  of t he  appropr ia te  mater ia ls ,  The cos t  
of s t a i n l e s s  s t e e l ,  f o r  example, was prohibi t ive .  
Ceranic mater ia l  was a l s o  considered, but the weight o f  
a chamber built sf such mater ia l  would have denled the 
desired p o r t a b i l f t y  o f  the un i t ,  
Thsrefosc, t h e  decision was made t o  b u i l d  the 
steam chamber o f  plywood, The material used was U,3, 
Plywood Penaaply, a spec ia l  ex ter ior  grade fir ply- 
wood, with a water and chemical r e s i s t a n t  fiber over- 
lay. To fully u t i l i z e  a 4' x 8' sheet  of  this material ,  
a chamber 8' long was b u i l t ,  w i t h  i n t e r i o r  dimensions 
of 9'' x 12 1/2''. The plywood was painted  w i t h  three 
coats of  epoxy paint. The box was assembled, using 
Weldwood plastic r e s i n  glue and brass boat-building 
nails. 
It was clear that  there was a need for a mani- 
fo ld  systera t o  inatare an equal d i s t r ibu t ion  o f  steam 
%hroughaut the chamber. This syctem was made frolu 
polyethylene pipe, 1 1/2" in diameter. Some brass 
fittings were used,  Far the most part,  however, 
gaLvanized s t e e l  fittings were used i n  making the 
connections. The p la t ing  on the s t e e l  fittings began 
t o  de te r io ra te  and f lake off. It  would have been pre- 
ferable t o  use a l l  brass o r  copper fittings, if possible. 
After using the unit with steam, it becane apparent that 
i n  a chamber this  small, a manifold system might; have 
been e l h i n a l e d ,  Running the steam d i r e c t l y  in to  a 
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c e n t r a l l y  located point  could have proved t o  be 
equally as e f f i c i e n t  as the  manifold system, (See 
I l l u s t r a t i o n  I, p, 8,) 
In  the  r e a r  of the  chamber, a condensation 
valve was provided, This was used t o  regu la te  the  
amount o f  water residue on the  f l o o r  of t he  chamber. 
It i s  recommended t h a t  t he  steam be a s  moist as pos- 
~ i b l e ,  i n  o rder  t o  e f f i c i e n t l y  p l a s t i c i z e  the  woodm1 
The condensation valve insured t h a t  the  i n t e r i o r  of the  
box would not  become excessively dry, 
The point  where t h e  rubber hose joins the  
man%fold system was designated the  "Lop" of t he  cham- 
ber, This placed the  manifold i n  an a t t i t u d e  o f  
d i r eu t ing  t h e  s t e m  down onto t h e  ma%erial  being 
p las t fc fzed ,  It was believed that t h i s  would give 
more e f f i c i e n t  r e s u l t s ,  I n  re t rospec t ,  I bel ieve 
it mlght be equally as e f f i c i e n t  t o  allow the  steam 
t o  r i s e  na tu ra l ly  from below the  l e v e l  of the stock, 
Next, the  r e a r  end sf the  chamber (which i s  
made of 3/4" plywood) was semi-permanently caulked 
and screwed i n  place,  This allowed the  accommodation 
o f  longer s tock when needed, For example, i f  it i s  
necessary t o  curve the  cen te r  por t ion of a  20' board, 
'u.s. Agricul ture  Bandbook 125, p. 10, 
ILLUS. I. CCIAMBER CONSTRUCTION R ~ ~ L U  Gas&+ I 
t hen  wi th  t h e  back o f  t h e  chamber removed and t h e  
f r o n t  door open, t h e  longer  s tock  can be accommodated, 
P l a s t i c  s e a l s  can be placed around t h e  r e t o r t  open- 
ings t o  prevent  any apprec iab le  l o s s  o f  steam, 
To complete t h e  u n i t ,  a  plywood door (which 
a l s o  rece ived  t h r e e  c o a t s  of epoxy p a i n t )  was hinged 
i n  place, and a l a t c h  mechanism w a s  added t o  i n s u r e  
as t i g h t  a seal  as poss ib le ,  The chamber was i n s t a l l e d  
i n  a s l i g h t l y  "down-hill" p o s i t i o n ,  This angle  allowed 
f o r  t h e  n a t u r a l  g r a v i t a t i o n a l  flow of  t h e  condensation 
away from t h e  door, (See I l l u s t r a t i o n  1 ,  p. 8;  I l l u s -  
t r a t i o n  2,  p. 10; and I l l u s t r a t i o n  3 ,  p, 11,) 
Misceblaneous I f a t e r i a l s  
The fol lowing i s  a l i s t  o f  some of t h e  addi t ion-  
a l  m a t e r i a l s  and supp l i e s  used i n  t h e  steam bending 
experiments performed: 
2 One t o n  cab le  ratchet h o i s t s  
24' 5/16' s t e e l  cable  wi th  hooks 
12' 1/4" x 1  1/2" x 1 1/2" awle i r o n  
8' 1  1/2' x 3" x 1/4" channel i r o n  
5' 2" x 5" x 1/4If channel  i r o n  
25' Various s i z e d  s t e e l  s t r app ing  
30 ' 1 1/2 '~ steel p i p e  
1 00 Various l e n g t h s  1/2" b o l t s  
6 1/2" I b o l t s  
6 5/8" U b o l t s  
2 3/4" x 4'  x 8 '  s h e e t s  o f  
plywood sheath ing  
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A s  o p t i o n a l  equipment f o r  determining t h e  
mois ture  content  o f  wood, a Delmhorst Moisture De- 
t e c t o r  #BC-1, Delsrlhorst Instrument Company, Boonton, 
New Jersey, was purchased, This instrument ,  though 
expensive,  is helpful i n  de temin ing .when  a b m t  
p i e c e  o f  wood has s t a b i l i z e d  by q u i t e  accurately 
d e t e m i n i n g  3.ts mois ture  con ten t ,  
CHAPTER I11 
STEAM BENDING OF SELECTED WOODS 
Stock Selection 
It was ant ic ipated that primarily white oak 
would be used i n  the steam bending experiments, One 
hundred twenty board f e e t  of two inch th ick  white 
oak, k i l n  dried t o  a 6 per cent moisture content, 
was purchased, This l a t e r  proved t o  be an unwise 
select ion,  because of the  surface checking that oc- 
curred during the  drying process, 
When se lec t ing  the mater ia l  t o  be used i n  
steam bending, hardwood rather than softwood was 
chosen, because hardwood is  more successfully bent, 
It i s  a l s o  t r u e  that c e r t a i n  hardwoods (such as oak, 
ash, o r  walnut) are more successfully bent than o the r  
hardwoods (such as rosewood, teak, o r  basswood), The 
moisture content recommended for a i r  dr ied stock is  
15 t o  20 per cent.1 The wood should be s t r a i g h t  
grained, f r e e  of knots, surface checks, decay, shake, 
or pi th ,  Also, stock t o  be bent should be cut  so t h a t  
'u.s. Department o f  Agriculture, U. S. Agri- (Washington, D, C,: 
55) , PP. 299-30. 
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the  end gra in  runs e i t h e r  p a r a l l e l  o r  perpendicular t o  
the  plane of the  bend. (See I l l u s t r a t i o n  4, p. 15,) 
It i s  a l so  recommended that the stock be wider than 
it i s  thick.1 Making bends of square stock can cause 
some twisting problems, Also, a l l  the  bending stock 
was purchased rough, with four sides surfaced p r io r  
t o  bending. 
Because o f  the time element involved, bends 
were made i n  one plane only. It is  possible t o  make 
bends i n  two o r  more planes, but the  mechanism re- 
guired t o  accomplish this becomes increasingly com- 
pl ica ted  with each addi t iona l  plane. 
Free Hand Bends 
F i r s t ,  white oak was bent f r ee  hand (with- 
out the use o f  end blocks), to a simple radius. 
(see I l l u s t r a t i o n  5, p. 16.) The stock wa~l sawed 
and planed t o  1/4", 3/8", 1/2", and 3/4" thicl-aesses, 
The mater ia l  was placed i n  the steam chamber f o r  a 
per iod  of time, The chambering time is usually con- 
sidered t o  be t h i r t y  minutes p e r  inch of thickness 
o f  the  stock ( w i t h  20 pe r  cent moisture content).* 
Prom the  experiments, it was found that s i x t y  minutes 
'u.s. A~riculture Handbook 125, pa 8. 
2 9 P. 300. 
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( o r  even s l i g h t l y  longer) per  inch o f  thickness f o r  
kiln dried wood was preferable,  O f  course, there  is 
a p o s s i b i l i t y  of "over-steamingn the wood, but this 
never happened, even when steaming some 1 1/2" white 
oak f o r  as long  as three  hours, 
The f ree  hand nethod of bending i s  acceptable 
f o r  making gentle curves, These a r e  curves wherein 
the difference between the i n s i d e  and the  outside 
l i n e a r  measureaents (along the  curves) i s  no grea ter  
than three  per  cent,  Exceeding t h i s  tolerance may 
r e s u l t  i n  t e n s i l e  f a i lu re ,  where the f i b e r s  s t r e t c h  
apart on t he  outside of the  curve. 
The first bends ranged i n  the  a rea  of  3,2$ 
and 4.75% linear tolerance difference, Some o f  the 
grea ter  tolerances were not successful, 
A s lnple  reverse bend was made by using a two 
pisce j i g  t o  accomodate a 1/2" x 4" x 48" piece of  
stock, (See I l l u s t r a t i o n  6, p, 18,) The bend was 
made by clamping the  steamed matorial between the two 
forms, but the  spring back f a c t o r  seemed more evident 
with this pa r t i cu la r  bend, The oak stock checked 
considerably during the d r y l n g  process, 
Surface checking, from the beginning of the 
process o f  bending white oak, became qui te  noticeable 
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a s  the  wood began t o  dry back t o  a normal s t a t e  o f  
6% t o  9% moisture content from the content o f  18% t o  
25% moisture during the steaming process. 
Several ways of eliminating the  checking 
problen were t r i e d  while the  wood was drying. F i r s t ,  
t he  ends of the  stock were coated with lacquer, p r i o r  
t o  steaming. This f a i l e d  t o  re tard the  checking prob- 
lem. Next, the  bent wood was sealed i n  p l a s t i c ,  imnedi- 
a t e l y  a f t e r  the  bend was made. This procedure seemed 
only t o  postpone the checking action,  since the  wood 
did not d ry  properly, because it was sealed off f rom 
the flow of air. 
I n  subsequent discussions with other  craftsmen 
who had experimented with stean bending, it was learned 
t h a t  one way t o  prevent checking might be t o  coat the  
wood surface with paste wax, immediately a f t e r  making 
the  bend. Another possible way is t o  use a i r  dried 
oak stock of 20% moisture content.1 Neither of -t;hese 
a l t e rna t ives  were tes ted ,  because I then switched the 
bending experfments t o  other  wood species t h a t  gave 
l i t t l e ,  i f  any, checking problems. 
It is  important t o  have the stack long enough 
t o  obtain  su f f i c i en t  leverage to make a bend. Thfs I s  
especial ly  h p o r t a n t  when us i rg  thicker  stock, such 
as 3/LGt' ~ ' 3 ~ '  wide.
l ~ i 1 1  Keyser, discussion held dur ing  weekend 
Workshop on the steam bending of wood, Pe t e r s  Valley 
Craf t s  Colony, LayLon, New Jersey, A p r i l  1975, 
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More Acute Bendine; 
The key t o  success  i n  making curves o f  a small 
r a d i u s  l i e s  i n  t h e  f a c t  tha t  wood can be more e a s i l y  
compressed than it c a n  be s t r e t c h e d ,  before  f a i l u r e  
occurs ,  A device can be fashioned t h a t  w i l l  hold t h e  
s t o c k  i n  a compressed s t a t e  during t h e  bending process ,  
This p reven t s  t h e  wood f i b e r s  on t h e  o u t s i d e  o f  t h e  
curve from e longat ing  no more t h a n  one t o  two p e r  c e n t  
o f  t h e i r  l eng th ,  A n y  g r e a t e r  s t r e t c h i n g  ~ 3 . 1 1  r e s u l t  i n  
t e n s i l e  f a i l u r e .  The recommended method o f  rnakiw severe 
bends i s  t o  use end blocks mounted on a s t e e l  s t r a p e 1  
(See I P l u s t r a t i o n  7, p ,  21 ,) 
The first a t t empt  a t  bending with end b locks  
was n o t  t o t a l l y  s u c c e s s f u l ,  The form, s t r a p ,  and 
p u l l i n g  dev ices  a r e  i l l u s t r a t e d  i n  I l l u s t r a t i o n  8, 
p, 22, The meta l  s t rap  was made o f  22 gauge s t a i n l e s s  
s t e e l ,  It was much t oo  l ight-weight  f o r  t h e  I" x 4" 
piece o f  white oak, The meta l  s t r e t c h e d  and deformed 
during t h e  bend, This  r e s u l t e d  i n  t h e  s t o c k  breaking 
through t e n s i l e  f a i l u r e ,  The end blocks a l s o  t o r e  
from t h e  s t r a p  because it %as n o t  adequately a t t a c h e d ,  
The second s t r a p  b u i l t  was made from 1/16" x 3" 
wide mild s t e e l ,  and t h i s  heav ie r  meta l  allowed f o r  
some successr?ul bends, (see I l l u s t r a t i o n  9 ,  p, 23,) 
l ~ , ~ .  Agr icu l tu re  Handbook 125, p,  13,) 
Illus. 7. End Block Attached t o  Strap 
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Pieces o f  white oak 1 "  x 3" x 4.0" were pul led  
the 8 radius form. Staining, created by the  
reac t ion  of tanic acid and Iron, was eliminated by lining 
the port ion o f  the metab s t r a p  t h a t  comer i n t o  contact 
with the w e t  wood, The l i n e r  was made from .802" 
thick p l a s t i c  adhesive tape (polyethylene terephthalate) ,  
A s  confidence with t h i s  pa r t i cu la r  strzp was gained, 
heavier bends were made u n t i l  a 1 3/4" x 1 3/4" piece 
of white oak caused the  s t e e l  strap t o  twist and deform, 
This rendered the s t r a p  useless  f o r  fu r the r  bending. 
The t h i r d  s t r ap ,  made of 14 gauge x 6" x 32" 
mild s t e e l ,  was designed t o  prevent the  stock from 
moving from the form. This problem had been Par- 
t i a l l y  avoided up t o  t h i s  point by using hand clanps, 
Now, t o  prevent the stock from movfng away from the forn, 
reverse levers  were employed, (See I l l u s t r a t i o n  10, p, 25 , )  
A s  first designed, t h i s   trap was not very successful,  
The amount of leverage required f o r  making a bend of 
t h i s  pa r t i cu la r  s i z e  was urulerestimated. subsequently, 
this s t r a p  was re-designed, 
the reversing lever ams, and thus creat ing more leverage 
(but eliminating the principle of reverse levers) .  1 (See 
I l l u s t r a t i o n  I 1, p. 26, ) 
' ~ e t a i l e d  explanation of t h i s  equipment and i t a  
use is given in U.SeAqricultuse 
-2 D, G,: Government Printing 
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Although some backbending d i d  occur, a number of 
successful bends were made w i t h  this strap. Back- 
bending Is the phenomenon t h a t  occurs a t  the  ends of 
the  stock, wherein the  wood reverses the d i rec t ion  of 
the  bend, and t r i e s  t o  p u l l  away from the  s t rap ,  (See 
I l l u s t r a t i o n  12, p. 28.) Adjustable end blocks a r e  
used i n  industry t o  prevent this.1 & eas i ly  fabr i -  
cated so lu t ion  f o r  adjustable end blocks was never 
resolved, It was observed t h a t  f i t t i n g  the stock 
somewhat loosely between the end blocks (p r io r  t o  
bending) resul ted i n  l e s s  backbending than occum*ed 
with a snug o r  t i g h t  f i t .  It i s  necessary t o  be aware 
t h a t  the  metal s t r a p  may s t r e t c h  lengthwise. mch 
piece of wood must be cut  t o  f i t  the newly stretched 
s t r a p  s ize .  
The fourth s t rap ,  1/8" x 2" x 53", was made of 
mild s t e e l .  (See I l l u s t r a t i o n  13, p, 29.) This strap, 
Imcorporatlng the  use of reverse levers,  i n  conjunction 
with form #3, was used t o  make 90 degree bends on a 
2 3/4" radius. The reverae lever bends were successful,  
but the  problem of the metal strap stretohing and de- 
forming was still evident, This can be solved by using 
spring s t e e l  Instead of mfld s t e e l ,  The drawbacks of  
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spr ing  s t e e l  a r e  i t s  lack o f  a v a i l a b i l i t y  i n  small 
quant i t ies ,  i t s  cost ,  and the  d i f f i c u l t y  of machining 
it in a small shop, 
The 90 degree bent forms were t o  be used i n  
making the  frame f o r  a mirror i n  a designed piece. 
Therefore, it was essen t i a l  tha t  these bends be within 
c e r t a i n  spec i f i c  tolerances,  To accomplish this ,  the 
wood was overbent approximately 12 degrees (pas t  90 
degrees), and then the stock was fixed, A s  shorm 
In the  photograph, the  bent stock was clamped t o  
Novaply, (See I l l u s t r a t i o n  14, p,  31 ,) Clamped i n  
t h i s  nanner, the  trood would d q  and remain i n  t h i s  
pa r t i cu la r  shape, 
The f i f t h  and f im l  s t rap ,  nade of 14. gauge x 
6" x 56" mild s t e e l ,  was a l so  designed and b u i l t  with 
reverse levers. It, i n  conjunction with the  newly 
b u i l t  adjustable  fom holding rack and forms, was 
used t o  make bends necessary f o r  a f inished piece o f  
work, (See I l l u s t r a t i o n  15, p. 3 2 , )  After minor 
adjustments, t h i s  t o t a l  apparatus was successRrli 
See I l l u s t r a t i o n  16, p, 33, f o r  an example of  a 
successful  bend, 
111~s. 14, Fixing the  Stock 
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CJHART OF SELECTED STEAM BENT WOODS 
WOOD SIZE RBDrtTS COMMENT 
White oak l / 4 x 3 x 2 4  7 1/2 Successful free hand 
bend; moderate curvature 
White oak 3/8 x 2 x 24 10 Successful free hand 
bend; moderate curvature 
White oak 1/2 x 2 x 24 15 Successful free hand 
bend; moderate curvature 
Whiteoak 3 / 4 x 2 x 2 4  20 Saaccess%ul free hand 
bend; moderate curvature 
White oak 1 x 3 x 40 8 3/4 Successful bend with use 
of end blocks 
Whfte oak 1/2 x 4 x 4-8 Gentle reverm curve; with 
two piece jig; excessive 
checkfng 
Whiteoak 1/2r:4x48 83/4 Unsuccessful. bend; end 
blocks sheared from the 
s t rap  duriw bend 
White oak 1 3/14 x 1 3/4 8 3/4 Successful bend; noticeabbe 
x 41 t u i s t ~ ~ ~  
Ash 1 x 6 ~ 3 2  8 3/4 Successful bend, with 
moticeable baekbending 
Ash 1 x 4 3/4 7 Umuccessful bend; back- 
X 56 bendiw resulted i n  
tensi le  fal.lure 
Ash 1 x 6 ~ 3 2  8 3/4 Successful bend; slight 
end checking on the un- 
coated ends 
OHART OF SELECTED STEA.M BENT WOODS CON'D, 
HOOD SIZE R4DIUS COPNEWT 
Birch Successful bend; small 
spo t ty  areas of compression 
f a i l u r e  
U n s u c c e s s ~  bend; t ens i l e  
and compression f a i l u r e  
Birch 
Very successful  heavy 
bend 
S ~ a r  
Maple 
Good bead; some enC 
checking 
Walnut Successfi.1 bend; l i t t l e  
s p r i n g  back 
Ba1,cl 1 x 4 ~ 3 2  
Cypress 
Unsuccessful bend; wood 
w o i ~ l d  not. compress 
Successful bend; some 
r i g p l i r g  o a  inf33.de curve 
Unsuccessful bend; heavy 
compres~isn failure 
Unsuceessfhal bend; tenslle 
and congression failure 
A11 s i z e s  are in inches, 
Of fifty bends, these were the mast s lgn i f lcan t .  
'OTES' 
With l i t t l e  exception, the white oak developed 
severe checking, rendering t h e  stock useless ,  (4) Gerierally, the  mtl.ure o f  soPtwooci i s  such that 
it will not coapress. (5) A l l  bends were completed within t e a  t o  f i f t e e n  
minutes, not allo'll'ing the  stock to c o o l  o f f  
before 8 bend w a s  aade, 
CHAPTER IV 
DESIGNING STEAM BENT FURNITURE 
Piece #I, H ~ e f l e c t i o n s , n  (See I l l u s t r a t i o n  17, 
p, 37, and I l l u s t r a t i o n  18, p, 38,) consis ts ,  i n  pa r t ,  of 
a two .piece s t e m  bent walnut frame f o r  the  mirror, The 
two p a r t s  a r e  joined i n  the  center of the  shor te r  s ides  
with a f inger  joint ,  Rabbet joints  a r e  cut  i n  the back 
t o  allow f o r  the  bevelled mirror t o  be positioned and 
held i n  place. To t h e  f r o n t  of the steam bent &me,  
a more conventionally made frame i s  attached. This 
frame, i n  turn, contains the  marquetry design wMch 
comprises the  door, 
With the  exception of the  usual amount of time 
necessary f o r  most pieces o f  designer f U 8 " d t ~ 3 ~ ~ ,  the  
only problem encountered was t h a t  of keeping the  mirror 
frame square. T h i s  problem was solved by using a ply- 
wood back, which is securely screwed in to  the rabbet 
J o i ~ t  of the frame. If a s b i l a r  piece were t o  be made, 
both the  door and the  mirror frame should be cu t  from 
the - sane plece o f  steam bent material. 
The second piece of furni ture  designed and worked 
on was a get of birch saw horses. The legs a d  the  
s t r e t che r s  were t o  be steam bent members, (See I l lus t ra t iom 
19, p, 39.) After soveral f a i l u r e s  a t  holding the  wood 
, j' . - 4 '. , . I;& 'I:. '. L 
. . 


I projec t  was abandoned, By examining the  shapes that  had 
already been bent successfully, and regarding them as 
I r a w  material ,  a number o f  sketches o f  severa l  d i f f e ren t  I pieces o f  f u r f i t w e  were prepared, It was ultimately de- 
cided t o  incor°porale the  bent pieces i n t o  a small table ,  
18" high, made o f  ash, The tab le  t o p  cou3d have been 
either p l a t e  glass o r  a heavy, c lea r  p l a s t i c ,  
The t ab le ,  as shown in the  photograph, i s  made up o f  
fLve parts .  (See I l l u s t r a t i o n  20, p. 41 Four of 
these parts a re  steam bent. Only the  center  comecting 
element i s  not steam bent, The f r o n t  and r e a r  l eg  un i t s  
a r e  of staved constmction,  and shaped t o  the  forms shown, 
In  working with these beat  pieces, spriing back 
was agaln a problem, but it was much l e s s  s o  i n  this  
case than w i t h  the  other  objects attempted, The spring 
i n  t h e  canti levered f ron t  arm was u t i l f zed  to hold  the 
top i n  place, The top, made o f  Lexan #l1~dt000 p l a s t i c ,  
was placed i n  tension by pushing the a m  down toward thb 
f loor ,  dropping the  top i n  place, and then releasing the  
pressure, This tension holds %he t o p  i n  place m t u r a l l y ,  
A 1 1  the  through-wedged mortise and tenon Jointa were cut  
a f t e r  the wood had been bent and had dried back t o  its 
normal s t a t e ,  Thfs procedure is necessary f o r  a11 joints  
cu t  i n  steam bent elements. Naturally, spec ia l  j igs  may 
be required Lo hold  tho parts fn pos i t ion  while the  joints 
a r e  being cut,  
,,axqs&,, 'OZ 'snTTI 
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The t h i r d  steam bent piece b u i l t  during the 
t h e s i s  pro jec t  proved t o  be the l e a s t  f r u s t r a t i n g  of  
the  three  completed pieaes ,  This can be a t t r ibu ted  t o  
the  f a c t  t h a t  the steam bent curved parts were treated 
s t x P c t a  as raw material. The design f o r  rllhtonon" 
(See LlJustratiou 21, p, 43.) evolved by arranging and 
re-arsangbg the bent elements i n  many various composi- 
tions, until they assumed t h e  final form. Spr ing  back 
was overcome i n  this piece through the  use of  dowel 
rod  pim (joining the  bent elements), which restricted 
any movement of the mirr~r frames, which house Pl-exi- 
glass colored n i r ro r s ,  

CHAPTER V 
CONCLUSION 
T h i s  t h e s i s  p r o j e c t ,  and t h e  e x p e r h e n t s  
conducted dur ing  it, changed many assumptions initially 
h e l d  about  t h e  steam bending o f  wood, It is .a far  more 
d i f f i c u l t ,  complex, and unpredic table  process  t h a n  I 
o r i g i n a l l y  perceived it t o  be, The amount o f  t h e  
r equ i red  t o  overcome o b s t a c l e s  (such as t h e  s t r a p  
des igns  and t h e  c o n s t r u c t i o n  problems) was far g r e a t e r  
t h a n  I foresaor, 
From a f i n a n c i a l  s tandpoin t ,  steam bending i s  
a cheaper tny o f  shaping wood t h a n  is lamirm.tion, This 
is, of  course,  a f t e r  the i n i t i a l  investmen% i n  a 
genera to r ,  chamber, frame cons t ruc t ion ,  etc,, has been 
made. However, X s t i l l  cons ide r  lamina-tion to possess  
certain f e a t u r e s  which make it a s u p e r i o r  approach t o  
bending  mod t h a n  t h e  process  o f  stearn bending. Lami- 
n a t i o n  a l lows  for far c l o s e r  t o l e r a n c e s  which a r e ,  of 
course,  c r i t i c a l  i n  design, 
To avoid the p L t f a l l s  of  spxiw back found i n  
steam ben-t elemexlts, t h e  craf tsman must l e a r n  t o  make 
des igm zswhich a l low f o r  and/or incorpora te  t h i s  f a c t o r .  
T - h i s  f a c t o r  cannot be a c c u r a t e l y  p red ic ted  with any success ,  
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The wood, a f t e r  being bent ,  moves much l i k e  any o t h e r  
p iece  o f  wood, A 1 1  wood moves w i t h  changes i n  t h e  
temperature an8 the mois ture  con ten t  o f  the a i r ,  The 
except ion  is that on a humid day, t h e  ben t  wood member 
w i l l  -{;end to open up, On d r i e r  days, it will tend  t o  
c l o s e ,  assuming more c l o s e l y  t h e  c o n f i g u r a t i o n  of  t h e  
o r i g i n a l  3ig o r  mold form. 
An approach t o  t h e  des ign  of  steam bent  wood 
o b j e c t s  that reduces  f r u s t r a t i o n  and allows f o r  success  
is f o r  the des igner  t o  begin  by t r e a t i n g  t h e  bent  wood 
as raw m a t e r i a l ,  I n s t e a d  of  th ink ing  of  t h e  wood as 
s t r a i g h t ,  f l a t  lumber, the des igner  xuust t h i n k  i n  terms ' 
o f  the  curved shapes ( e i t h e r  forms a l r e a d y  bent ,  o r  t o  
be bent).  I found that  my designs must c o n t a i n  e i t h e r  
a way t o  p h y s i c a l l y  r e s t r a i n  s p r i n g  back, o r ,  a way t o  
l e t  the  wood move n a t u r a l l y  w i t h i n  the design,  Other- 
wise, the craftsman w i l l  find hjlllself becoming exceeding- 
ly d i s s a t i s f i e d  w i t h  t h i s  process ,  
Steam bending i s  an e x c e l l e n t  manner i n  which 
t o  make s c u l p t u r a l  f o m s  i n  wood, It seems t h a t  only 
where functfon plays t h e  domimnf r o l e  do t h e  problems 
o f  steara bending become seemingly frrsumsuntabZe ob- 
s t a c l e s  i n  the  design/con.struction process ,  
lly only  r e g r e t  regarding t h e  work on this 
t h e s i s  p r d j e c t  was the l a c k  of  time t o  explore addi-  
t i o n a l  a r e a s  of s t e m  bending. I p a r t i c u l a r l y  would 
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have liked t o  experiment with two plane bends. Also, 
I now realize many of the inhibiting problems inherent 
In t h e  process i t s e l f ,  as well as i t s  advantages. This 
knowledge alone has freed me t o  move on to accomplish 
more satisfying work in the f i e l d  of designing and 
building furniture which incorporates steam bent  wood. 
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